The reaction between (4-tBuC 6 
Introduction
The organometallic chemistry of the heavier alkaline earth metals Ca, Sr and Ba has seen a substantial resurgence of interest over the last 10-15 years, due to the realization that these compounds not only exhibit novel structures and reactivities, but also have potential applications in fields as diverse as materials chemistry and catalysis. 1, 2 The use of organogroup 2 compounds in catalysis has a long history, dating back to the 1970s, when it was recognized that dibenzylbarium catalyzes the polymerization of styrene. 3 More recently, organo-group 2 compounds have been shown to act as catalysts for a wide range of alkene transformations, including hydrosilylation, hydroamination and hydrophosphination. 4, 5 For the heavier alkaline earth metals Ca, Sr and Ba the preparation of tractable -bonded organometallic derivatives is hampered by the large sizes of the Ae 2+ cations and the consequent propensity of their complexes to aggregate, often leading to poor solubility in organic solvents. Additionally, the highly polar Ae-C bonds in such compounds present significant challenges in their isolation. Nonetheless, -bonded organometallic complexes of all of the alkaline earth metals are now known and their chemistry is becoming better understood. 1, 6, 7 In many of these compounds the problems of aggregation and reactivity are mitigated through the use of silicon-containing substituents at the carbanion center, which both increase the steric demands of the ligand, disfavoring aggregation, and reduce its "carbanion" character, due to delocalization of the negative charge into Si-Me * orbitals (negative hyperconjugation).
The diorganophosphine-borane group PR 2 (BH 3 ) is isoelectronic and isosteric with the corresponding methyl-substituted triorganosilyl substituent SiR 2 Me; however, in phosphineborane-stabilized carbanions (PBCs), R 2 {R 2 (H 3 B)P}C  , the residual hydridic character of the borane hydrogens permits these atoms to compete with, or supplement, the coordination of a metal by the carbanion center itself. This is perhaps best illustrated by the compounds {(Me 3 Si) 3 4 , 8a which contain isoelectronic -4-carbanion ligands: whereas the former possesses direct Ca-C -bonds, the latter exhibits solely Ca…H-B (and Ca-O) interactions and has no Ca-C contacts.
Despite the isoelectronic and isosteric relationship between these two ligand classes, until recently, relatively little was known about the chemistry of PBCs and structurallycharacterized complexes were limited to a very few alkali metal derivatives. 9 Over the last ten years we, and others, have striven to expand the range of complexes with these ligands; 8, [10] [11] [12] [13] however, complexes of the group 2 elements remain scarce. 8 We recently reported the synthesis and unusual crystal structure of the silicon-and phosphine-borane-stabilized dicarbanion complex (THF) 2 Li{(Me 3 SiCH) 2 P(BH 3 )Ph}Li(THF) 3 . 10h The dicarbanion ligand in this complex has the potential to chelate metal centers and so we were keen to explore whether this would favor Ae-C contacts over Ae…H-B contacts in its complexes. We now report the synthesis and structural characterization of the calcium, strontium and barium complexes of this ligand and comment on the stability of these complexes towards ethers.
Results and Discussion

Synthesis and stability:
The reaction between the phosphine-borane Compounds 2, 3, 4 and 5 were characterized by multi-element NMR spectroscopy and X-ray crystallography. The X-ray crystal structure of 2 contains only diethyl ether coligands, while the structures of both 3 and 4 contain both diethyl ether and THF each with partial occupancy at one coordination site; the 1 H and 13 C{ 1 H} NMR spectra of all three compounds indicate that both diethyl ether and THF are present in each case. It therefore appears that there is no significant preference for the coordination of either diethyl ether or THF in these compounds and that they may be isolated with an arbitrary mixture of each coligand. In addition, the coordinated solvent appears to be partially lost under vacuum and the -6-foregoing, along with the reactivity of these compounds towards diethyl ether and THF (see below), prevents the acquisition of accurate elemental analyses. is gradually replaced by a new doublet at -28.9 ppm (J PB = 97 Hz) due to 3 dec . do not observe signals due to the ethoxide or enolate ligands in the 1 H NMR spectra of the decomposition product, presumably due to the operation of a Schlenk-type equilibrium, which favors the dialkylstrontium and insoluble strontium ethoxide/enolate, the latter of which we observe as a precipitate from the solution. The structure of 3 is shown in Figure 3 , along with selected bond lengths and angles.
Compound coordination mode in the latter.
Compound 4 also crystallizes as discrete centrosymmetric dimers; however, 4 adopts a somewhat different structure in the solid state to those of 2 and 3. The molecular structure of 4 is shown in Figure 5 , along with selected bond lengths and angles.
-15- Crystallographically characterized, -bonded organobarium compounds remain rather rare; however, the Ba-C distances in 4 [2.921 (3) The ate complex 5 also crystallizes as discrete molecular units; these contain three strontium ions, two potassium ions and four dicarbanion ligands. The molecular structure of 5 is shown in Figure 6 , along with selected bond lengths and angles.
-17- 
Experimental
All manipulations were carried out using standard Schlenk techniques under an atmosphere of dry nitrogen. THF, diethyl ether, and toluene were dried prior to use by distillation under nitrogen from sodium, potassium, or sodium/potassium alloy, as appropriate. THF was stored over activated 4A molecular sieves; all other solvents were stored over a potassium film. Deuterated THF and toluene were distilled from potassium under nitrogen, deoxygenated by three freeze-pump-thaw cycles and were stored over activated 4A molecular sieves. Dibenzylstrontium, 14 at -28.93/-31.02 ppm during the t 1 and t 2 periods was acquired on a Bruker AvanceIII HD500
spectrometer. The experiment was recorded with a mixing time of 600 ms, and with 16 scans per increment to generate a 4096 x 512 matrix which was transformed using a sinebell window in each dimension The sample was not spun and the temperature was stabilized at 298 +/-0.1 K. 1 H DOSY measurements of 3 were performed on the same spectrometer using a BBO probe and shielded z-gradient coils. The standard Bruker pulse program, ledbpgp2s, employing a stimulated echo sequence, bipolar gradient pulses for diffusion, and two spoil gradients was utilized. The diffusion time was constant at 100 ms and the gradient pulse strength was varied from 0.025 Tm -1 to 0.49 Tm -1 in 16 linear steps. The experiment was run non-spinning, with a 5mm NMR tube, a sample depth of 58 mm and was stabilized at 298 +/-0.1 K. Individual FIDs were transformed into 64k data points using an exponential line broadening of 1.0 Hz, and were phased and baseline corrected.
The theoretical hydrodynamic radius of 3 was calculated using the volume keyword in the Gaussian09 software package; 22 a single point energy calculation was carried out, using the Cartesian coordinates obtained by X-ray crystallography, with the wB97XD hybrid functional 23 and an Lanl2dz effective core potential basis set 24 on Sr and the 6-31G(d,p) basis set 25 on the remaining atoms.
We were unable to obtain consistent elemental analyses for compounds 2, 3, 5, or 6 due to a combination of partial solvent loss, unequal substitution of the metal centers by diethyl ether and THF, and the decomposition of samples via ether cleavage (see text); for 4
we were able to isolate a sample having a consistent Et 2 O/THF ratio and this compound decomposes sufficiently slowly to permit elemental analysis.
-21- multi-faceted crystal model. 26 The structures were solved by direct methods and refined on F 2 values for all unique data; Table S1 in the Supporting Information gives further details.
All non-hydrogen atoms were refined anisotropically, and C-bound H atoms were constrained with a riding model, while B-bound H atoms were freely refined; U(H) was set at 
